Outline I

A Digital CMOS design

Jd Arithmetic operators

| Q Adders

(9 Comparators
— (Q Shufters
— (@ Multipliers
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‘ Shifters I

Shifting a value

Let consider a value 3 coded on 8 bits
3 can be shifted to the left by n positions (0 < n < 8)

a7 a6 35 34 a3 3y 3 g

VA

a7 A4 35 34 33 Ay 31 Ao

Li p For a natural number, shift left is a multiplication by 2"
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‘ Shifters I

Shifting a value

Let consider a value 3 coded on & bits

3 can be shifted to the right by n positions (0 <n < 8)
logic

a7 a4 35 a4 3z Ay 31 Ao

N

a7 a4 35 34 3z Ay 31 Ao

Li p For a natural number, shift right 1s a division by 2"
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‘ Shifters I

Shifting a value

Let consider a value 3 coded on & bits

3 can be shifted to the right by n positions (0 <n < 8)
arithmetic

a7 a4 35 a4 3z Ay 31 Ao

N

37 37 a7 ag 35 a4 Az )

Li p For a relative number, shift right is a division by 2"
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Shifters I

Shifting a value

Let consider a value 3 coded on 8 bits
3 can be rotated to the left by n positions (0 <n < 8)

a7 a6 35 34 a3 3y 3 g

A4

a7 a4 a5 34 Az a5 3 A0
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Shifters I

Shifting a value

Let consider a value 3 coded on 8 bits
3 can be rotated to the right by n positions (0 <n < 8)

a7 a4 35 a4 3z Ay 31 Ao

.

a7 a4 a5 34 Az Ay 3 A0
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Shifters I

Shifting a value

Implementation (left shifter)

b (gives the shift amount)
l log(n) bits

g —>

(value to be shifted)
n bits
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Shifters I

Shifting a value by 1 position to the left

Boolean function
b coded on 1 bit
Ifb=0
> 7 4
else
S; =3j_1 assuming3_¢=0

5i = b.aM + Eai —= 2-input Multiplexer
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Shifters I

Shifting a value by 1 position to the left

Implementation

40

a4 a5 d4 | 93 I d- 41
I

ANV
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Shifters I

Shifting a value by b positions to the left

= 000
= 001
= 010
= 011
= 100
= 101
= 110

= 111 s 0
A combination of 27, 27, 2
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Shifters I

Shifting a value to the left

O
LI p Pirouz Bazargan Sabet Area_oc n lpg (Il) Delay o< lOg (Il)



Shifters I

Rotate a value to the left
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Shifters I

Shlft / Rotate a Value to the left
shift-left

h Wﬁvﬁé@%
L
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Shifters I

Shifting a value

Rotate left by 2 6=

Rotate r?ght by 6

110 = 010 +1

a7 a4 35 a4 3z Ay 31 Ao

\

7 d6 d5 d4 d3 d2 41 40
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Lp

Shifters I

Shifting a value

Implementation (right shifter)
b (gives the shift amount)

7/ log(n) bits

g —>

(value to be shifted)
n bits

/
/
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Shifters I

Shifting a value

Rotate right by b

Rotate left by -b

Rotate left by (b + 1)

Rotate left by b followed by a 1 position rotate
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Shifters I

Rotate a value to the right




Shifters I

Rotate a value to the left / right




Shifters I

Shift logic a value to the right
42




Shifters I

Shift / Rotate a value to the right
a7 a4 a5 d4 393 d- 41 a0

shift-r-log .
(shift-r-ari . a; +

hift-r-ari . 3-)
I NN o b,

Lp




Shifters I

Shift / Rotate a value to the left / right
1 40




Shifters I

Shift / Rotate a value to the left / right optimized




